The purpose of this study was to re-examine the role of energy in the manufacturing sector of Pakistan using a Partial Equilibrium Approach. GL restricted cost function along with the factor demand equations were estimated using Zellner's iterative procedure. Higher energy prices do not seem to adversely affect investment in capital. Substitution possibilities between energy and non-energy inputs are very limited and therefore energy price hikes may directly affect the cost of production. Inter-fuel cross price elasticities indicate that there are substitution possibilities between electricity and gas. ᮊ
Introduction
Energy has been a perennial constraint on the growth of the industrial sector of Ž . Pakistan. In a recent study Pasha et al., 1990 , it is reported that load-shedding has caused a loss of approximately 6% of the value-added in the manufacturing sector. The manufacturing sector consumes approximately 35% of the total commercial energy. In short, energy has been one of the major growth constraints for the manufacturing sector. At the policy level serious efforts are underway to cope with the constraints on the supply side of energy. Also, various demand management policies that encourage inter fuel as well as fuelrnon-fuel substitution have been adopted. Ž . Chishti and Mahmud 1990 studied the substitution possibilities between energy and other non-energy inputs in the manufacturing sector of Pakistan within a full Ž equilibrium framework using time series data under the assumption of complete . Ž . and instantaneous adjustment of all inputs . Iqbal 1986 has used KLE Translog function for pooled data for the 16 manufacturing industries of Pakistan. The assumption of instantaneous adjustment of all inputs, i.e. all inputs are instantaneously adjustable, may not be very useful under sharp and unexpected increases in the energy prices. In such cases the characteristics of the firm's short-run behavior during the initial impact of the shock may differ from those when full adjustment to long-run equilibrium is attained.
1 There are at least two distinct alternative approaches to the full equilibrium static model that have evolved recently, making a distinction between responses of the firms in temporary or short-run equilibrium from full equilibrium. In both the approaches fixity of some Ž . factor inputs such as capital has been acknowledged see, e.g. Morrison, 1988 . The silent feature of the first approach is the explicit recognition of the existence of adjustment costs in the firms' optimization problem, rendering full adjustment of some of the factor inputs too costly. Dynamic firm's behavior in the presence of adjustment cost have been theoretically extended and empirically tested. The second approach while recognizing the fixity of some of the factor inputs does not explicitly incorporate dynamic adjustments explicitly into the firms' optimization problem. These are referred to as partial static models. In this paper we re-examine the substitution possibilities between energy and non-energy inputs in a partial equilibrium model. 
Model
The model introduces energy directly into the production function as a factor input beside capital and labor. It further assumes that capital is a quasi-fixed 
where i and j are the subscripts for the variable inputs and m and n subscripts for Z which include output and state of technology variable t. 4 Using Shephard's Lemma, demand equation for the i'th factor input X can be derived from Berndt and Wood, 1975 is general, but empirical implementation of such models have suggested that it is convenient to constraint it to a priori Ž . Ž . long-run constant returns to scale see Morrison, 1988 . Eq. 1 has been revised by setting s s ␤ s 0. The resulting cost equation in which Z only in-
cludes Q:
and the corresponding factor demand function as,
We also need to specify the substitution elasticities for the GL variable cost framework defined above. The calculation of short-run elasticities is fairly straight forward,
In order to compute long-run elasticities, we need first to get an analytical solution of the desired level of capital stocks, K U . This follows from the fact that the partial derivative of G, the variable cost, with respect to the quasi-factor is the negative of ѨG Ž . the shadow price of capital y sV . In the steady state the shadow price of ѨK 4 1t may also include other exogenous variables such as investment in quasi-fixed factors. capital is equal to the market rental price of capital p . Imposing this equality in k the steady state and solving for K U , we get,
The long-run elasticities can now be derived by adding the associated long-run adjustment to the short-run responses by the input demands to an exogenous change:
Other elasticities, such as own-price and cross-price elasticities can also be computed in a similar fashion. 
Data and empirical implementation
Annual time series data for the period 1972᎐1993 have been used. All data on quantities and prices, except for energy, have been taken from the Pakistan Economic Sur¨ey. The data on energy components, both quantities and prices have been taken from the Energy Year Book. Beside taking energy aggregate prices from the published sources, energy price aggregate was also generated using a Translog Ž . Sub-Module see Appendix A . Ž . Ž . The GL model, specified in Chishti and Mahmud 1990 and Iqbal 1986 , was estimated for the manufacturing sector of Pakistan. The model assumes one Ž . Ž . quasi-fixed input, capital K, with two variable inputs labor N and energy E . Since simultaneity is not a problem, the model was estimated using Zellner's iterative estimation procedure. The parameter estimates are presented in Table 1 . Most of the parameters are significant at 5% level of significance. R 2 and Durbin Watson statistics are also reported in Table 1 , they seem to suggest that the model fits to the data fairly well and there is no serious problem of serial correlation.
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All the own price elasticities take the correct sign and significant at 5% level of 5 Same model was estimated using published energy price aggregate and energy price aggregate generated using the translog sub-module. Results are fairly robust to the choice of the aggregate used.
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Ž
. significance see Table 2 . The own price elasticity of energy is fairly low, both in the short-run and in the long-run. The own price elasticity of labor is low in the short-run but in the long-run when capital stocks adjust to the desired level, the demand for labor is elastic.
Examination of the cross-price elasticities suggests that all inputs are substitutes to each other but the substitution possibilities between energy and non-energy inputs are limited. Therefore the costs of production may rise significantly as a result of energy price shocks. The cross-price elasticities between capital and energy are highly significant. The result indicates that significant energy price shocks do not lead to decrease in capital formation. This is in contrast to the Ž . results reported by Chishti and Mahmud 1990 , in a full equilibrium framework, in which it was reported that energy price shocks lead to a decrease in capital formation.
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A translog sub-module was also estimated to examine inter-fuel substitution possibilities. The methodology and results are provided in Appendix A. The results indicate that there are significant substitution possibilities between electricity and gas. The result shows that an appropriate demand management policy at the time of an external energy shock can be partially absorbed by controlling gas price hikes during this period.
7 Such a policy may not be very effective in the short-run because the cost share of electricity is relatively very high, approximately 70% and the adjustment by the firms to move from a technology that uses electricity to the one which uses gas may not be very easy.
Concluding remarks
The purpose of this study was to re-examine the substitution possibilities between energy and non-energy inputs in the manufacturing sector of Pakistan in a framework in which capital is quasi-fixed in the short-run. A partial equilibrium model has been estimated using a GL restricted cost function and treating capital as the only quasi-fixed factor. The results indicate that energy price shocks do not seem to adversely affect investment in the capital goods. This result is in contrast Ž . to findings of Chishti and Mahmud 1990 , in which energy price shocks do seem to affect capital formation adversely. Furthermore, there are limited substitution possibilities between energy and non-energy inputs and this may suggest that energy price shocks may lead to substantial increases in the cost production of the industries. Finally, an inter-fuel sub-module has also been estimated. The result 6 There is a controversy about the energy capital complementarity in the literature. Initially Berndt Ž . and Wood 1975 found this elasticity for US manufacturing to be y3.2. Most of the inter-country and cross-sectional studies have reported the substitutability between capital and energy while studies using Ž . time series data have mostly reported them to be complements. Apostolakis 1990 has reviewed the issue in detail. 7 Pakistan has large natural resources of gas and most of the electricity production is hydro electricity and therefore is relatively more costly.
( )
suggests that there are significant substitution possibilities between electricity and gas.
Appendix A
A Translog sub-module has also been estimated in order to examine the substitution possibilities between energy components. The sub-module is also used to construct an aggregate energy price index. This price index was later used in the estimation of the model discussed earlier.
Translog cost function corresponding to various energy components may be written as follows:
where E1. is for electricity, G is for gas and O is for oil. P is the aggregate price E index of energy which can also be considered as the cost per unit of energy to the optimizing agents. Ž . The cost-minimizing input demand functions corresponding to Eq. A1 , after imposing homogeneity, symmetry and adding-up restrictions are given as: The parameters of the sub-module are estimated, using Zellner's iterative estimation procedure. The parameters estimates of the energy sub-module are presented in Table 3 . Most of the parameters are significant. The own and cross-price elasticities are also computed and are presented in Table 4 .
Ž . The parameter estimates are substituted back into Eq. A1 to obtain an aggregate price index for energy which has been used as an instrument in the Ž . estimation of the cost function in Eq. 1 .
The results of inter-fuel model indicate that cross price elasticities between oil and gas, and oil and electricity are not statistically significant. The cross-price elasticity between electricity and gas are found to be highly significant and show Ž . that these two fuels can be substituted for each other see Table 4 . For example, the cross-price elasticity between gas and electricity, . is 0.3235 and therefore an g e increase of 20% in the relative price of electricity would lead to 6.5% increase in the demand for gas by the manufacturing sector. These results do seem to provide some flexibility in the formulation of demand management policies.
